A bacterial lectinlike substance, which is considered to participate in the adherence of Eikenella corrodens to various host cells, was purified from E. corrodens cells. The substance was extracted in 1% Triton X-100 with sonication from the cell envelope of E. corrodens 1073 and partially purified by galactosamine affinity chromatography and gel filtration chromatography based on its hemagglutination (HA) activity. The (16, 34, 37, 40) and that for the colonization to be successful against host defense mechanisms, selective adherence of the bacteria to host mucosal surfaces is necessary (16, 37 56:B120, 1977). Colonization by periodontopathic bacteria in periodontal pockets is considered to be an important step in the etiology and pathogenesis of periodontal disease (32, 41).
A bacterial lectinlike substance, which is considered to participate in the adherence of Eikenella corrodens to various host cells, was purified from E. corrodens cells. The substance was extracted in 1% Triton X-100 with sonication from the cell envelope of E. corrodens 1073 and partially purified by galactosamine affinity chromatography and gel filtration chromatography based on its hemagglutination (HA) activity. The lectinlike substance was purified about 256-fold as evaluated by its specific HA activity. Sodium dodecyl sulfatepolyacrylamide gel electrophoresis of the partially purified lectinlike substance (PPL) produced a single protein band of large molecular weight when it was applied to the gel without the addition of j8-mercaptoethanol and heating. Chemical analysis showed that PPL contained 14.4 ,Ig of hexose per 100 ,ug of protein and that it did not contain muramic acid, glucosamine, or 2,6-diaminopimelic acid, which are characteristic of peptidoglycans. The HA activity of PPL was inhibited by EDTA but restored by adding Ca2+. The HA activity was remarkably inhibited by sugars containing N-acetyl-D-galactosamine and D-galactose. These results indicate that the lectinlike substance on the E. corrodens cells is an essential factor for the adherence to host cells.
It is generally recognized that colonization of human mucosal tissues by bacteria is an important step in the infectious process (16, 34, 37, 40) and that for the colonization to be successful against host defense mechanisms, selective adherence of the bacteria to host mucosal surfaces is necessary (16, 37) . It has been found in some bacteria that adherence to host cells is dependent upon interactions between bacterial surface lectinlike substances and mammalian cell surface receptors (34, 35) . Lectinlike substances have been identified on the surfaces of Escherichia coli (33, 36) , Klebsiella pneumoniae (11), Mycoplasma pneumoniae (1, 15) , Vibrio cholerae (21) , Pasteurella multocida (18) , Fusobacterium nucleatum (13, 29) , and actinomycetes (2, 3, 8, 27) .
Eikenella corrodens, a facultative gram-negative anaerobic rod, is predominantly found in deep subgingival plaque in patients with aggressive or advanced periodontitis (39, 41, 42) . It has been reported that monoinfection of germfree, or gnotobiotic, rats with E. corrodens caused periodontal disease with severe alveolar bone loss (19, 25 ; A. C. R. Crawford, S. S. Socransky, E. Smith, and R. Phillips, J. Dent. Res. 56:B120, 1977). Colonization by periodontopathic bacteria in periodontal pockets is considered to be an important step in the etiology and pathogenesis of periodontal disease (32, 41) .
We previously investigated the mechanism of adherence of E. corrodens to various host cells and found that it required interactions between a bacterial cell surface lectinlike substance and N-acetyl-D-galactosamine-like host cell surface receptors (7, 28, 43 10 ,000 x g for 20 min. The pellet was then washed twice with PBS and five times with distilled water, lyophilized (0.38 g, dry weight), and designated cell envelope (CE). The supernatant fluid was further centrifuged at 100,000 x g for 1 h. Its pellet was washed three times with PBS and designated cell membrane. The supernatant fluid was dialyzed against PBS, and designated "cytoplasma."
Solubilization of the lectinlike substance from CE. CE (2 mg of dry weight per ml) was extracted by nine different methods, as described below, followed by centrifugation at 20,000 x g for 20 min, two washes in PBS, and resuspension in PBS. The different agents used in each extraction were removed by appropriate methods. The degree of solubiliza(i) Triton X-100 treatment. CE was suspended in 10 mM Tris hydrochloride buffer (pH 8.0) containing 1% Triton X-100 (Wako Pure Chemical Industries, Ltd., Tokyo, Japan) and 10 mM EDTA and was stirred or subjected to sonication with an Ultra-sonifier (20 KHz, 90 W, model 350; Branson Sonic Power Co., Danbury, Conn.) for 30 min at 4°C. After this treatment and centrifugation, 0.5 M NaCl and 2 volumes of cold ethanol were added to the supernatant, which was allowed to stand for 16 h at -20°C. The resulting suspension was centrifuged at 20,000 x g for 20 min, and the pellet, which contained HA activity, was washed twice with 66.7% ethanol and suspended in PBS.
(ii) Trichloroacetic acid, phenol, and LiCl treatment. CE was treated with 0.25 M trichloroacetic acid for 3 h, 45% phenol for 2 h, or 7 M LiCl for 1.5 h at 4°C. After treatment and centrifugation, the supernatant fluids were dialyzed against PBS.
(iii) Lysozyme and pepsin treatment. CE was treated for 2 h at 37°C with 0.2 mg of lysozyme (Seikagaku Kogyo Co., Ltd., Tokyo, Japan) per ml in 10 mM Tris hydrochloridebuffered saline (pH 8.0) containing 10 mM EDTA. CE was also treated with 0.1 mg of pepsin (Sigma Chemical Co., St. Louis, Mo.) per ml in 20 mM acetate-buffered saline (pH 5.8) for 1 h at 37°C. After treatment and centrifugation, the supernatants were dialyzed against PBS.
(iv) Freezing and thawing and Omni-mixer treatment. CE was suspended in PBS containing 10 mM EDTA and was alternately frozen in dry ice-acetone and thawed at 37°C five times. Alternatively, it was stirred by an Omni-mixer (Ivan Sorvall, Inc., Norwalk, Conn.) at maximum speed for 15 min at 4°C. After treatment and centrifugation, the supernatants were dialyzed against PBS.
SDS-PAGE. Sodium dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) was carried out as described by Laemmli (24) . The samples were solubilized in 10 mM Tris hydrochloride buffer (pH 6.8) containing 2.5% SDS and were applied without heat treatment to 7.5% polyacrylamide gels (pH 8.8) containing 0.1% SDS. The gels were electrophoresed and stained with 0.1% Coomassie brilliant blue (Sigma Chemical Co.).
Chemical analysis. The protein content was determined by the method of Lowry et al. (26) , using bovine serum albumin (Sigma Chemical Co.) as a standard. The total hexose content was determined by the phenol-sulfuric acid method (5) . Amino acid and amino sugar analyses were performed by the method of Kato and Kotani (22) . In brief, the samples were hydrolyzed with 6 N HCl at 100°C for 14 h under vacuum, and the hydrolysates were then analyzed with an amino acid analyzer (model 835; Hitachi Seisakujo, Tokyo, Japan).
Limulus amebocyte lysate-clotting activity. A colorimetric endotoxin determination reagent, Pyrodik (Seikagaku Kogyo Co. Ltd.), was used for the measurement of Limulus amebocyte lysate clotting activity (30) . The reagent consists of Limulus amebocyte lysate and a synthetic chromogenic substrate. The reagent (0.1 ml) and sample (0.1 ml) were incubated together for 30 min at 37°C, after which time the reaction was terminated by addition of 0.6 N acetic acid (1 ml). Absorbance was measured at 405 nm. E. coli O111-B4 lipopolysaccharide (LPS) was used as a positive control.
HA assay. The HA assay was performed as previously described (7) . Human erythrocytes (blood type 0) were washed three times with PBS and suspended in 20 mM acetate-buffered saline (pH 5.8). The erythrocytes were treated for 1 h at 37°C with neuraminidase (0.1 U/ml) from Clostridium perfringens (type VIII; Sigma Chemical Co.) 20 ,000 x g for 20 min and was then washed twice with 66.7% ethanol (Triton X-100 extract fraction).
(ii) Affinity chromatography on Affi-gel-galactosamine. Since adherence of E. corrodens 1073 to buccal epithelial cells and HA by the same bacteria were significantly inhibited by N-acetyl-D-galactosamine and D-galactose (7, 43) , affinity chromatography on Affi-gel-galactosamine (Bio-Rad Laboratories, Richmond, Calif.) was used in the purification of the lectinlike substance. A 6-ml volume of the Triton containing 1% Triton X-100 and 0.1 mM CaCl2. The column was washed with 90 ml of the same buffer at a flow rate of 6.8 ml/h, and the HA-active substances were then eluted with the same buffer containing 0.2 M D-galactose. HA activity was detected as one sharp peak in the galactose-eluted fractions, whereas none was found in the unabsorbed fractions (Fig. 1) .
(iii) Gel filtration chromatography. Gel filtration chromatography of the Affi-gel-galactosamine-purified HA-active fraction was performed to further purify the lectinlike substance and to estimate its molecular weight. A 1-ml volume of the partially purified HA-active fraction was applied to a column (17 by 1,090 mm) packed with Toyopearl HW-65 (Fine; Toyo Soda, Tokyo, Japan), previously equilibrated with 10 mM Tris hydrochloride buffer (pH 8.0) containing 1% Triton X-100 and 10 mM EDTA, and was washed through at a flow rate of 6.8 ml/h. HA activity was detected as a single peak at a larger molecular weight position than any of the standard proteins (Pharmacia, Uppsala, Sweden) (Fig. 2) . This fraction formed only one band on SDS-PAGE when applied without prior ,-mercaptoethanol and heat treatments (Fig. 3) activity, but only minor activity was detected in PPL (Fig.  4) .
Effect of EDTA and divalent cations on the HA activity of PPL. The HA activity of PPL was almost completely inhibited by 0.01 mM and 0.1 mM EDTA ( sugars tested showed any significant inhibition of HA activity.
DISCUSSION Pili on the cell surfaces of gram-negative bacteria such as E. coli (20, 33, 38) , K. pneumoniae (11, 12) , and Salmonella typhimurium (23) are considered to play an important role in adherence of bacteria to host cells. Type I pili isolated from E. coli were able to adhere to monkey kidney cells (38) and human buccal epithelial cells (4) . It was thought that bacterial lectinlike substances were present on pili, but Eshdat et al. (9) reported that the amino acid composition of a mannose-specific lectinlike substance, isolated and purified from E. coli, was different from the composition of type I pilus proteins. Thus, it now seems that lectinlike substances are not necessarily present on pili.
When the morphologies of E. corrodens strains 1073 and 1080 were examined by electron microscopy, a mucus layer was observed close to the cell surface, but pilus-like structures were not detected (6) . Whereas bacterial cells of E. corrodens 1073, subjected to treatment with an Omni-mixer or Ultra-sonifier, did not release any lectinlike substance (data not shown), they did release some after their destruction with a Braun cell homogenizer. These results suggested that the E. corrodens 1073 lectinlike substance was firmly bound to the CE. Several mechanical, chemical, and enzymatic methods were attempted to release it, and subsequently a combination of Triton X-100 treatment and ultrasonification was found to be the most effective (Table 1) . Since it was found that removal of Triton X-100 rendered the lectinlike substance insoluble, all purification procedures were performed in its presence.
Since our previous reports (7, 28, 43) indicated that the E. corrodens 1073 lectinlike substance specifically bound to N-acetyl-D-galactosamine, affinity chromatography on Affigel-galactosamine, synthesized by binding N-acetyl-D-galactosamine to the agarose derivatives, was used to purify it. The finding that elution of absorbed material released the lectinlike substance in one sharp peak indicated that this procedure, conducted in the presence of Triton X-100, was a very effective purification step.
PPL was insoluble in water and PBS, but when solubilized in Triton X-100 it was detected by gel filtration chromatography as a single protein peak migrating just after the void volume (Fig. 2) . It was also detected by SDS-PAGE as one protein band of large molecular weight when PPL was solubilized with SDS and applied to the gel without treatment with 3-mercaptoethanol and heat (Fig. 3) . PPL was, however, separated into several protein bands by SDS-PAGE when it was heated at 100°C for 2 min in the presence of ,-mercaptoethanol before being applied to the gel (data not shown). These results suggested that even in Triton X-100 and SDS solutions PPL is a firmly bound complex, held together by various molecules and behaving as one.
PPL contained 14.4 ,ug of hexose per 100 ,ug of protein, but was shown by the absence of muramic acid, glucosamine, and 2,6-diaminopimelic acid not to contain peptidoglycan. It did, however, contain small amounts of LPS, since it was found to be positive for Limulus amebocyte lysate clotting activity, although these amounts were considerably lower than those found in CE (Fig. 4) .
Bacterial lectins have previously been isolated and purified from E. coli (9, 10), Pseudomonas aeruginosa (17), V. cholerae (14) , and Streptococcus sanguis (31). These were secretory or cell-binding lectins which were easily released from the bacterial cells by mechanical methods. As already described, although E. corrodens 1073 lectinlike substance was not effectively released from CE by such methods, it was effectively solubilized by a combination of Triton X-100 and ultrasonic treatment. Though this solubilized material was easily partially purified as a firmly binding complex, future studies aim to purify it to homogeneity in its simple unbound form.
The HA activity of PPL was inhibited by EDTA, though this inhibition was restored by addition of Ca2" (Table 4 ). It was also greatly inhibited by sugars containing N-acetyl-Dgalactosamine and D-galactose (Table 5 ). The mechanism of HA activity by PPL was very similar to the mechanisms of E. corrodens 1073 adherence to human erythrocytes (7) , human buccal epithelial cells (43) , and guinea pig peritoneal macrophages (28) , indicating that the lectinlike substance of 
